The normal bacterial flora of the human alimentary canal has been described in a previous paper (Drasar, Shiner, and McLeod, 1969) in which we stressed the need for complex bacteriological techniques for the isolation of the dominant oxygen-sensitive anaerobic bacteria. In this paper we present our results on the flora of the upper jejunum in fasting patients with a variety of clinical conditions that might affect the small intestinal flora. Dawson and Isselbacher (1960) were the first of many to suggest that the steatorrhoea associated with blind loops of intestine is due to the bacterial degradation of bile salts within the loops. We have attempted, therefore, to discover whether there is an association between steatorrhoea and colonization of the jejunum, and also to assess the ability of bacteria isolated from the intestine to degrade bile salts.
METHODS
Jejunal contents were obtained with the use of the capsule described previously (Shiner, 1963) . The tube was guided under fluoroscopic observation to the upper jejunum (at the level of the ligament of Treitz) from which samples were collected. In patients who had had a Polya partial gastrectomy, samples were obtained from the efferent loop.
'Part I of this paper on the bacterial flora of the gastrointestinal tract in healthy and achlorhydric persons was published in Gastroenterology (56, [71] [72] [73] [74] [75] [76] [77] [78] [79] .
The bacteriological techniques were the same as those used to investigate samples from normal people. Specimens were transported as a 1/10 dilution in glycerol broth frozen with the help of dry ice. The specimens were thawed immediately before cultivation. Ten-fold dilutions were prepared in oxygen-free agar in an anaerobic chamber (Drasar, 1967) . Aliquots were also spread on a series of conventional plates in order to cultivate aerobic and aerotolerant bacteria.
In addition to the bacteriological examination of jejunal samples the following tests were performed on the patients in an attempt to assess their condition more exactly.
1 Gastric pH was recorded as the most acid value obtained during the histolog test, and achlorhydria was defined as the failure of the pH of gastric juice to drop below 6.0.
2 Faecal fat estimations were carried out by the method of van de Kamer, ten Bokkel Huinink, and Weyers (1947) . Stools were collected for three days on a ward diet or home diet.
3 In an attempt to determine the degree of bile salt degradation occurring in the blind loops, qualitative analyses of the bile salts present in some of the jejunal juices were performed using thin-layer chromatography. The whole juice was spotted on a 250,u thick silica gel G plate which was developed and the spots were detected using the system described previously (Drasar, Hill, and Shiner, 1966) .
Bacteria isolated from the jejunum of various patients were tested for the ability to hydrolyse sodium taurocholate ). An attempt was made to examine all the bacteria grown from specimens 812
Bacterial flora of the small intestine in patients with gastrointestinal disorders containing very few organisms. From specimens containing larger numbers of bacteria six strains of each type isolated were subcultured from the highest dilution at which growth of the particular type occurred. Some of the strictly anaerobic bacteria were lost during purification. Overall approximately 80% ofthe anaerobes survived to be tested; however, in some cases survival was as low as 15% but on no occasion were all the strains lost.
PATIENTS STUDIED
A total of 113 patients were examined. All patients underwent the usual physical, haematological, biochemical, and radiological examinations. Clinical details of the patients are presented in Table I These bacteriological groups bore no obvious relationship to gastric acidity. The gastric pH readings found in these three groups of patients are presented in Fig. 2 and the gastric pH of patients with other gastric operations and with gastrocolic fistulae after gastric operation are presented for comparison.
Gastric operations other than Polya partial gastrectomy Bacteriological examination of 14 specimens from 14 patients who had undergone gastric operations other than Polya partial gastrectomy yielded less than 104 organisms per gram of juice (Fig. 3) . The counts found in this group of patients were slightly higher than those found in normal people and are of the same order as those found in achlorhydric patients.
Gastrojejunocolic fistulae Samples from the jejunum of each of four patients with gastrojejunocolic fistulae were examined (Fig. 4) ; the samples yielded a complex bile-resistant flora.
Blind loops Jejunal samples from each of two patients with ileal blind loops were cultured; one of these was sterile. The other is presented as the first specimen from patient 2 in Table II ; it yielded a complex flora qualitatively similar to that of faeces.
A specimen of jejunal juice was examined from each of 15 patients with duodenal and jejunal diverticulosis (Fig. 5) . On bacteriological grounds (Fig. 6 ). Only one of these, presented in more detail as specimen 1 of patient no. 3 in Table II , showed any abnormal bacteria. The remaining five were similar to samples from normal people.
Pancreatitis Four samples from four subjects with pancreatitis were cultured; three of the samples * * | were sterile, the remaining sample yielded 104 Bacteroides per gram. These samples were thus similar to those from normal people. Diarrhoea Thirteen samples examined were bacteriologically indistinguishable from those of normal subjects. The fourteenth sample from the patient with Strongyloides infection contained 10, *'W X ' Enterobacteria and 107 Bacteroides per gram. Fig. 7 subh less than divided into three groups on bacteriological grounds. 6se patients Similar data for the patients who had undergone I ecosystem gastric operations other than Polya partial gasip consisted rectomy and for the patients with gastrocolic )acteria per fistulae are included for comparison. For the two amples was groups of subjects with diverticulosis the data are g indicative presented in Figure 8 .
There was a suggestion in the data that the patients Table III gives the proportion of specimens containing free bile acids and the proportion of specimens from which bacteria able to hydrolyse sodium taurocholate were isolated.
All the bacteria tested from subjects after Polya gastrectomy who had large numbers of bacteria in the jejunal fluid (group 3) and from subjects with diverticulosis similarly colonized (group 2) were able to hydrolyse bile conjugates (Table III) . However, some bacteria obtained from the subjects who had had a Polya gastrectomy and who had 817 only a few bacteria in the jejunal fluid (group 1) and bacteria obtained from subjects with diverticulosis but no evidence of small intestinal colonization were also able to hydrolyse the conjugates (Table III) . About one half of the sample of jejunal juice tested in these two groups (group 3 of Polya partial gastrectomy and group 2 of diverticulosis) contained free bile acids. But compared with the other groups, this represented a much higher proportion of free bile acids. Since only few bacteria were isolated from the jejunal juices of patients with pancreatitis, nonspecific diarrhoea, coeliac disease, and idiopathic steatorrhoea, no tests of bacterial breakdown of conjugated bile salts were performed. However, of three strains of Bacteroides tested from one patient with Strongyloides infection, all were able to deconjugate bile salts and his jejunal juice contained free bile acids.
In three patients in addition to a pretreatment intubation, several repeat intubations were performed after a course of the antibiotics to which the organisms were found to be sensitive (Table II (109) and Enterobacteria (108) was found in the ileal sample above the blind loop, free bile acids were detected, and the Bacteroides were able to hydrolyse. This patient Bacterial flora of the small intestine in patients with gastrointestinal disorders 1 group.bmj.com on July 7, 2017 -Published by http://gut.bmj.com/ Downloaded from was also achlorhydric and his Lundh test showed low tryptic activity.
Patient no. 3 suffered from regional jejunitis with multiple jejunal strictures and resultant subacute small intestinal obstruction. Two pretreatment and two post-tetracycline aspirations were examined, all at the level of the ligament of Treitz. The pretreatment cultures grew only Bacteroides and yeast (105 -106). After eight and nine weeks of oral tetracycline there was an increase in the Bacteroides to 107 and in addition large numbers of Enterobacteria (106) were also grown. However, free bile acids found in one pretreatment sample could no longer be demonstrated in the samples after treatment and the bacteria capable of hydrolysing bile acid conjugates lost this ability in the last sample.
DISCUSSION
The results of previous investigations on the nature of intestinal colonization cannot be fully accepted in the light of recent advances in bacteriological techniques. Thus it was shown (Drasar, 1967; Lee, Gordon, and Dubos, 1968) that the use of an anaerobic cabinet enhances the yield of anaerobic bacteria manyfold. This is of great importance in the isolation and study of the enzymic properties of Bacteroides, the organism most active in bile salt degradation.
The definition of bacterial colonization of the intestine as distinct from transient contamination is difficult. We consider that the type of bacteria as well as their numbers are important. Thus Streptococcus salivarius, a salivary organism, is often isolated but is unable to grow in the presence of intestinal concentrations of bile salts. As a working hypothesis we adopt the view that, on ecological grounds, small intestinal colonization means a bacterial flora qualitatively resembling that found in the large intestine and faeces . Bacterial colonization may further be defined as the occurrence of a bile salt-tolerant flora consisting of both aerobic bacteria such as Escherichia coli and Streptococcus faecalis and anaerobic bacteria such as Bacteroides and Bifidobacteria.
Our results indicate that patients with regional enteritis and pancreatitis show no consistent colonization of their jejunal juices in the presence or absence of steatorrhoea. Similar results have been obtained in our patients with idiopathic steatorrhoea and coeliac disease before or after treatment with a gluten-free diet. A group of 13 patients with nonspecific diarrhoea but without steatorrhoea similarly showed no colonization with non-pathogenic (or pathogenic) organisms.
Operations that maintain intestinal continuity do not provide opportunities for colonization. Thus our patients who had undergone operations, such as Billroth I partial gastrectomy, resulting in gastric achlorhydria but no blind loop, yielded specimens bacteriologically similar to those obtained from subjects with achlorhydria due to gastric mucosal atrophy (Drasar, Shiner, and McLeod, 1969) . By way of contrast the patients in our series yielding the highest counts of bacteria, leaving aside those with fistulae, were those who had an anatomical blind loop or had had a Polya partial gastrectomy. Such 'blind loops' thus become a source of continual contamination of the small intestine.
Our results in the 'blind loops' presented here suggest a correlation between the colonization of large numbers of anaerobes possessing bile deconjugating enzymes and the presence of free bile acids in the jejunal juice of these patients but not with steatorrhoea. The decrease in concentration of conjugated bile salt rather than an increase of free bile acids in the jejunum may be the important factor for the mechanism of steatorrhoea (Tabaqchali, Hatzioannou, and Booth, 1968) . Tabaqchali et al (1968) further suggested that the site and extent of the blind loop was important. However Goldstein, Cozzolino, and Wirts (1963) reported a case with a solitary duodenal diverticulum associated with steatorrhoea, and we have confirmed this.
Two patients in the present series presenting as stagnant loop syndrome (patients 1 and 2, Table II) had a dramatic, though short-term, response to antibiotics associated in one case with the disappearance of free bile acids and bile acids deconjugating bacteria from thejejunum.
From this study it is apparent that jejunal colonization may occur without overt signs or symptoms. The long-term impact of this abnormal flora on bile metabolism is unknown, but the determining factor may be the total mass of those bacteria able to hydrolyse bile salts.
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